Stroke is a potential major compliction of carotid endarterectomy and may be caused by cerebral ischaemia or embolisation from the operative site. Conventional EEG monitoring has been used intraoperatively to identify periods of cerebral ischaemia, but this monitoring technique can be difficult to operate and interpret in the operating room. This study reports the use of a new signal analyser, the power spectrum analyser (PSA-J, Neurologics, Inc., Nashville, Tennessee), and its impact on active patient management. Thirty-six patients undergoing carotid endarterectomies were monitored with the PSA-J in conjunction with routine EEG. Eight patients (22%) showed evidence of ischaemia 22 times on both PSA-J and routine EEG. At no time did the routine EEG show evidence of ischaemia when the PSA-J did not. The PSA-J has proven to be a reliable neurophysiologic monitor for the identification of periods of cerebral ischaemia. Use of this small, easily operated and interpreted machine could enhance safety in operating rooms lacking sufficient resources to use conventional EEG machines.
Stroke caused by cerebral ischemia or embolisation from the operative site is a potential complication of carotid endarterectomy. In the past several years, efforts have been made to identify a method of monitoring patients undergoing this procedure in order to decrease the incidence of stroke and neurological deficit. 1 ,2,3 Sundt et al. 4 reported on a series of 369 patients monitored with conventional EEG and concluded that the EEG is an excellent monitor to identify cerebral ischemia; neurological deficit did not occur "'Medical Student, University of South Alabama. College of Medicine. tM.D., Acting Chairman, Ocp!. of Neurosurgery. tM.D., Assistant Professor, Surgery. §M.D., Assistant Professor of Neurology. without a change in the EEG. Unfortunately, conventional EEG monitoring is difficult to operate and interpret in the operating room setting. 5 Several different variations of computerised analysis of the raw EEG signal have been introduced with reports of varying usefulness. 6 ,7,8 This study reports on the use of a new processed EEG signal analyser and its impact on active patient management in the operating room, Thirty-six patients undergoing carotid endarterectomies were monitored with the signal analyser in conjunction with routine EEG, The purpose of this investigation was to determine whether the information gained by this technique is as reliable an indicator of cerebral ischaemia as routine EEG monitoring and if it would modify patient treatment and affect outcome.
MATERIALS AND METHODS
The signal analyser investigated in this study is the Power Spectrum Analyser (PSA-l, Neurologics, Inc., Nashville, Tennessee, estimated cost $2,000.00). The PSA-l ( Figure  1 ) determines the EEG signal by utilisation of two differential amplifiers having a frequency response of 0.1 to 30.0 Hz. Electrodes are placed at F3, P3, F4, P4, and Cz using the international 10-20 system. The raw EEG signal is reduced into power (a normalised integration of the EEG from 0.1 Hz to 20.0 Hz), and frequency (determined by a modification of the baseline crossing technique). The output display is in the form of four linear lightemitting diode bargraphs for power and frequency of the right and left side of the brain. Each bargraph is divided into a relative linear scale from one to ten. The PSA-l is powered by a built-in rechargeable battery, which, when fully charged, lasts eight hours. A light indicating a low battery charge is located on the front of the machine. The 36 patients consisted of 22 males and 14 females, with an age range of 49 to 79 years. All the patients had significant ulcerative or stenotic carotid disease as documented by angiography and were symptomatic.
General anaesthesia was used in all patients. The agents used were halothane or enflurane with various concentrations of nitrous oxide in oxygen. The appropriate choice of anaesthetic was made by the anesthesiologist on the day of surgery. Premedication consisted of atropine only. Prior to induction a baseline recording by the PSA-l and conventional EEG was made. Induction was accomplished with thiopentone, and endotracheal intubation was facilitated by the administration of succinylcholine or pancuronium bromide. Supplemental muscle relaxant, usually pancuronium bromide, was given as needed. Ventilation was controlled mechanically.
The electrocardiogram was monitored from arrival in the operating room until emergence from anaesthesia. Core temperature was measured with an esophageal thermistor probe during anaesthesia. Blood pressure was monitored via an indwelling arterial catheter.
The EEG was recorded intraoperatively using a GRASS 8-16 C polygraph (Grass Instrument Company) and monitored by an EEG technician, and the PSA-l output was monitored intraoperatively by one of the authors. The EEG signals were recorded on paper printouts while the PSA-l data were hand recorded on a separate data sheet along with the time of the recording and corresponding routine EEG page number. The EEG printouts and the recorded PSA-l data were reviewed by the authors and periods of ischaemia identified.
The surgical technique employed was that described by Wylie and Ehrenfeld 9 and by Sharbrough et al. lo Trial occlusions were employed and shunts were placed in patients who had evidence upon trial occlusion of cerebral ischaemia on the PSA-l and conventional EEG. Cerebral ischaemia is defined as a 40070 power attenuation in anaesthetic-induced fast wave activity as described by String and Callahan. 11 At the conclusion of the procedure the volatile anaesthesia was discontinued, any residual muscle relaxant reversed with atropine and neostigmine, the trachea extubated, and the intra-arterial catheter removed. Periodic postoperative neurological examinations were performed, including examinations in the recovery room, prior to dismissal from the hospital, and one month following discharge. Each postoperative neurological examination was compared to the preoperative examination.
RESULTS
Eight of the thirty-six patients (22070) showed evidence of cerebral ischaemia 22 times on conventional EEG and the PSA-l. Four patients (11070) experienced gross cerebral ischaemia upon intra operative carotid occlusion as indicated by the conventional EEG and PSA-l. Three of these patients had shunts placed, after which the cerebral ischaemia resolved. The data demonstrating and correlating cerebral ischaemia on the EEG and PSA-J in a 68-year-old white male is shown in Figure 2 . The correlation of the PSA-J and EEG is clearly demonstrated. In the fourth patient, who showed ischaemic changes with carotid cross-clamping, the systolic blood pressure was pharmacologically raised to 20 mmHg above its level at trial occlusion. When the clamp was removed, the PSA-l and EEG returned to baseline levels. The carotid artery was clamped for placement of a shunt and the PSA-I and EEG recordings again showed evidence of cerebral ischaemia. The shunt was opened three minutes later and the PSA-I and EEG recordings slowly returned to baseline. Following this elevation of blood pressure, no further signs of cerebral ischaemia were demonstrated. The endarterectomy was then performed without placement of a shunt in the manner previously described. Three other patients showed evidence of cerebral ischaemia on the conventional EEG and PSA-l when the blood pressure dropped during the procedure. In one patient, a 52-year- The PSA-l recording shown is that for the right side of the brain. The PSA-I recording for the left side of the brain is similar. As the systolic blood pressure (SBP) decreased from 140 mmHg to 80mmHg, the dominant EEG frequency decreased from 6 to I Hz with a marked decrease in power, indicating cerebral ischaemia. When the blood pressure increased to 140 mmHg, the PSA-l and EEG recordings returned to baseline. old white female, signs of cerebral ischaemia were noted prior to incision when the systolic blood pressure decreased from 140 mmHg to 80 mmHg (Figure 3 ). When the blood pressure was increased to 140 mmHg, both the conventional EEG and PSA-l recordings returned to baseline. In the other two patients, the conventional EEG and PSA-l revealed cerebral ischaemia when the blood pressure decreased approximately 20 mmHg during the carotid clamp time. The ischaemia resolved in both patients with an increase in blood pressure to baseline.
In another case, a 68-year-old white male, the oxygen concentration of anaesthetic gas mixture was unintentionally discontinued. This incident was identified by a concomitant rapid drop in cerebral activity as indicated by the PSA-l prior to any change in blood pressure, electrocardiogram, or heart sounds (Figure 4 ). Following restoration of adequate oxygenation, the PSA-l readings returned to baseline. The patient suffered no ill effects.
The PSA-l signal was unobtainable while electrocautery apparatus was in use. The PSA-l signal recovered fifteen to twenty seconds after minutes. The recording of the PSA-l frequently for both sides of the brain decreased dramatically without any change in heart rate or blood pressure. The EEG showed a similar change indicating the presence of cerebral ischaemia. The error was discovered at time = 9.50 minutes and the oxygen flow was returned at time = 10 minutes. The PSA-l and EEG recordings slowly returned to baseline. The patient suffered no ill effects. the use of electrocautery apparatus was discontinued.
No major mechanical malfunctions of the PSA-l occurred during this study. However, caution concerning the PSA-l 's power supply must be exercised. It becomes unreliable after four to six hours of continuous use. After this time, the relative readings of power and frequency gradually decrease without a corresponding change in the input signal. This decrease occurs before the 'low battery' light on the PSA-l is engaged. These 'false positive' readings did not hinder the PSA-l 's ability to identify rapid global changes in cerebral function. No other episodes of false positive readings were identified.
All patients had periodic neurological examinations, including before surgery, in the recovery room before discharge and at a follow-up visit after discharge. None of the patients in this study suffered any transient or permanent neurological deficits compared with their pre-operative state. DISCUSSION EEG monitoring in the operating room allows identification of cerebral ischaemia, permitting prompt treatment and restoration of normal cerebral function. Documentation of changes in the EEG by the PSA-l simplifies interpretation of the raw waveform. The raw EEG input signal from the right and left side of the brain is processed by the PSA-l into an output on four LED bargraphs, glvmg operating room personnel not skilled in EEG interpretation the ability to identify periods of cerebral ischaemia. In addition, the PSA-l allows the activity of both hemispheres to be simultaneously observed so as to compare the two. The PSA-l requires the placement of only five electrodes, is compact, has an internal power supply, and does not require an EEG technician to interpret the output signal. The ease of operation of such a dedicated signal processor in contrast to the larger and more complicated polygraphs and computer-based devices was apparent in the operating room.
Twenty-two episodes of gross cerebral ischaemia were identified by the PSA-l and conventional EEG during this series. The PSA-l rapidly identified all episodes of gross cerebral ischaemia in this series. At no time did the conventional EEG indicate periods of cerebral ischaemia when the PSA-J did not.
Cerebral ischaemia in this study is defined as a 40070 power attenuation in anaestheticinduced fastwave activity as described by String and Callahan.] ] While all episodes of gross cerebral ischaemia were identified, it is possible that the PSA-J might not identify subtle ischemic changes in the EEG waveform such as a slight reduction of the high-frequency signal. While no such periods were identified in this series, further documentation is necessary.
Identification of periods of cerebral ischaemia will decrease the incidence of transient and permanent neurological deficits in patients undergoing carotid endarterectomy. However, neurological deficits associated with carotid endarterectomy can also be caused by thromboembolism or reperfusion phenomena and neurological monitoring may not decrease the incidence of these occurrences.
Monitoring of heart rate and blood pressure as the sole indicators of neurological well-being during carotid surgery is challenged by these results. EEG monitoring requires a large expensive machine as well as a technician to operate the machine and interpret the data. Use of a small, easily operated and less-expensive instrument should greatly enhance the neurologic safety in operating rooms and with additional study might replace the conventional EEG machines in use.
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